The present study evaluated the purification of inulinase by changing the ionic strength of the medium by addition of NaCl and CaCl 2 followed by precipitation with n-propyl alcohol or iso-propyl alcohol. The effects of the concentration of alcohols and the rate of addition of alcohols in the crude extract on the purification yield and purification factor were evaluated. Precipitation caused an activation of enzyme and allowed purification factors up to 2.4-fold for both alcohols. The purification factor was affected positively by the modification of the ionic strength of the medium to 0.5 mol.L -1 NaCl before precipitation with the alcohol (n-propyl or iso-propyl). A purification factor of 4.8-fold and an enzyme yield of 78.1 % could be achieved by the addition of 0.5 mol.L -1 of NaCl to the crude extract, followed by the precipitation with 50 % (v/v) of n-propyl alcohol, added at a flow rate of 19.9 mL/min.
INTRODUCTION
Inulinases are classified among the hydrolases and are denominated as being 2,1-β-D-fructanfructanohydrolase (E.C: 3.2.1.7) (Cazetta et al. 2005, Singh and Chauhan 2017) . These enzymes are useful for production of "inulooligosaccharides" and have functional and nutritional properties for use in lowcalorie diets, stimulation of Bifidus bacteria and as a source of dietary fiber in food preparations (Singh et al. 2007) .
The isolation and purification of proteins are crucial processes in the production of biomolecules as enzymes, due to their wide range of applications in biomedical and food industries. Chromatography is the most used technique for enzyme purification (Abu El-Souod et al. 2014) . This is a very specific and useful tool, although relatively costly and rather difficult to scale-up (Przybycien et al. 2004 ).
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Precipitation is a common approach to isolate and concentrate enzymes and other macromolecules. This technique offers the possibility of concentrating and purifying the target macromolecule usually at a low cost (Boeris et al. 2009 , Soares et al. 2012 . Precipitation should result both in concentration and in purification, but actually the former is more effectively achieved. Therefore, precipitation is frequently used in the first steps of downstream processing, concentrating the molecule of interest for subsequent purification steps. However, for extracellular enzymes, precipitation could be an effective way of achieving purification as well. Precipitation is advantageous for concentration and purification of enzymes, since this technique needs no interruption, requires simple equipment, and can be easily scaled up and used with different kinds of precipitants (Cortez and Pessoa 1999) .
Purification processes using salts and solvents are extensively used in operations of concentration and pre-purification of proteins. A lot of precipitation techniques use to use ammonium sulfate as precipitant agent. However, there is not a universal protocol, so precipitation agents and process conditions should be determined experimentally for each system. The increment of ionic strength of the media using high salt concentrations could cause loss in the enzymatic activity. Organic solvents could be used in protein precipitation, but sometimes enzyme denaturation is observed. In both cases, the viability should be determined experimentally. There is a lack in the literature about systematic studies combining salt and organic solvents for protein separation (Cortez and 1999 , Zhang et al. 2004 , Trentini et al. 2015 .
In this sense, the aim of this study was to develop a strategy of inulinase purification, based on the change in ionic strength of the medium by adding salts, followed by precipitation with different alcohols.
MATERIALS AND METHODS

PRODUCTION OF INULINASE FROM Kluyveromyces marxianus NRRL Y-7571
Inulinase was obtained by Kluyveromyces marxianus NRRL Y-7571 in solid-state fermentation of sugarcane bagasse. Sugarcane molasses (SCM, 15 % wt %), 30 wt % of corn steep liquor (CSL) and 20 wt % of soybean meal were added to the solid substrate as supplementation (Mazutti et al. 2006 (Mazutti et al. , 2007 . Sugarcane bagasse was obtained in a local market, corn steep liquor from Corn Products International (Mogi Guaçu, SP, Brazil), sugarcane molasses from Refinaria Ester (Campinas, SP, Brazil) and soybean meal from Olfar (Erechim, RS, Brazil). Bagasse moisture was adjusted to 65 % prior to the innoculation (Mazutti et al. 2006) . Sugarcane molasses was pre-treated as described by Sguarezi et al. 2008 .
Solid state fermentation was carried out in a cylindrical vessel (34 cm diameter and 50 cm height) loaded with 3 kg of sugarcane bagasse containing 65 % moisture, previously sterilized at 121 ºC for 20 min, and inoculated with 765 mL of cell suspension (Mazutti et al. 2010) . Humidified air was injected in the bioreactor during all fermentation run. After fermentation for 24 h, the enzyme extracted from the bagasse with sodium acetate buffer pH 4.8 100 mM (Bender et al. 2008 ).
PRECIPITATION WITH ALCOHOL N-PROPYL AND ISO-PROPYL
The enzyme extract was centrifuged at 2,800 ×g for 20 min at 5 ºC, and the supernatant was used for enzyme concentration. The alcohols (n-propyl alcohol or iso-propyl alcohol) were dropped into an aliquot of the crude enzyme extract at a determined feed rate and 5 ºC, controlled by a peristaltic pump (Masterflex). The resulting suspension was centrifuged at 9,000 ×g for 15 min at 5 ºC, and the collected precipitate was dissolved in sodium acetate buffer pH 4.8 100 mM. Enzyme activity was determined in all fractions.
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A central composite rotational design (CCRD) 2 2 was used to assess the effects of alcohol concentration (10-90 %) and feed rate (0.09-19.9 mL/min) on the degree of purification and yield. Level limits were chosen based on previous studies (Golunski et al. 2011) . The results were analyzed using Statistica 8.0 (Stat Soft Inc. Tulsa, OK, USA).
CHANGING THE IONIC STRENGTH OF THE MEDIUM
Aiming at changing the ionic strength of the medium, NaCl and CaCl 2 molarities in 0.05, 0.1 and 0.5 mol/L were used. Each salt was added to the crude enzyme extract to the desired concentration, and after homogenization the samples were subjected to precipitation with alcohols (n-propyl or iso-propyl) under optimized conditions. After addition of alcohols, the resulting precipitate was centrifuged at 9000 ×g for 15 min at 5 ºC. The precipitate was collected and dissolved in sodium acetate buffer pH 4.8 100 mM. The enzyme activity and total protein were determined in all fractions.
ANALYTICAL METHODS
Enzymatic activity
Inulinase activity were determined as described elsewhere (Bender et al. 2008 ). An extract sample of 0.5 mL was added to 4.5 mL of a 2 % (w/w) sucrose solution in sodium acetate buffer 100 mM pH 4.8 and incubated at 50 ºC for 10 min. The resulting reducing sugars were determined by reaction with 3,5 dinitrosalicylic acid (DNS) (Miller 1959) . One unit of inulinase activity is defined as the amount of enzyme necessary to hydrolyze 1 µmol of sucrose per min at the reaction conditions. Following the same described above, the inulinase activity using inulin as substrate was also determined at some experimental conditions.
Total protein determination
Total protein was performed following the method described by Bradford 1976 using bovine serum albumin (BSA) as standard.
Purification parameters
The purification factor (PF) was defined as the ration between the specific activities of the enzyme (U/mg) in the resuspended precipitate and in the crude enzyme (U/mg), respectively. Enzyme activity yield (EA) was calculated as the ratio between the total activity in the precipitate and in the crude enzyme extract, respectively (Golunski et al. 2011).
RESULTS AND DISCUSSION
The results obtained in the precipitation of inulinase are presented in Table I . In this table, one can find the experimental design that were carried out (real and coded values) including the independent variables evaluated (concentration and flow rate of alcohol) and the respective obtained responses in terms of specific activity, enzyme yield and purification factor. The average specific activity of the crude extract was 78.1 U/ mg. An increase in specific activity was observed after precipitation in most of the runs. The highest specific activity was found in run 8 (182 U/mg for the n-propyl alcohol and 195 U/mg for the iso-propyl alcohol).
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High yields were also found in run 8 (114 % for the n-propyl alcohol and 126 % for the iso-propyl alcohol). The lowest yield was obtained in run 5, at the lowest level of alcohol concentration and high addition rate, suggesting that low concentrations of alcohols are not effective for protein fractionation, or even that the high addition rate can cause enzyme denaturation.
For n-propyl alcohol, except from run 5, all runs yielded PF higher than 1, showing that precipitation could yield some degree of purification, depending on the concentration of the alcohol and its flow rate of addition to the crude extract. The highest purification factors were obtained in runs 7, 8 and central points. For the precipitation with iso-propyl alcohol, runs 1, 3 and 5 yielded a PF less than 1, indicating that low concentrations of the alcohol are not effective for reaching any enzyme purification. The highest purification factors obtained with the precipitation with iso-propyl alcohol were observed in run 8 and in the central points.
It is worth mentioning that purification factors found here (around 2.4) are higher (≅ 60 %) than the ones usually presented in the literature (PF = 1.75) using different solvents for enzymes precipitation (Zhao et al. 2011) . Abu El-Souod et al. (2014) obtained a specific inulinase activity of 1915 U/mg protein which represented 2.65-fold purification over the crude inulinase extract with 42.8 % recovery. In their work exoinulinase was purified by using ammonium sulfate precipitation followed by ion exchange chromatography on DEAE-cellulose. In a previous study of our research group, we found similar results using ethanol for precipitation of inulinases produced by K. marxianus (Golunski et al. 2011) and partially purified an inulinase extract by ethanol precipitation and gel exclusion chromatography. Under the optimized conditions maximum yield 65.5 % of immobilized inulinase was obtained.
Empirical models for activity yield as a function of concentration and flow rate of the alcohols were built and validated by analysis of variance (ANOVA). A correlation coefficient of 0.98 for n-propyl alcohol and 0.96 for iso-propyl alcohol and a calculated F-test higher than the tabulated one were obtained, validating the models using 95 % of confidence. An Acad Bras Cienc (2017) 89 (1)
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Equation (1) and Equation (2) show that the concentration of alcohol, as well as the interaction between the alcohol concentration and the flow rate, are the factors that most affect activity yield. The dependence of yield on the interaction between the two factors shows that the precipitation process is complex, since the feed rate of the alcohols can increase or decrease the activity yield, depending on the concentration of the alcohols. 
where Y CALC is the calculated recovery yield of the enzyme (%), C and FR are the coded concentration of the alcohols and flow rate, respectively.
Considering that the results obtained using iso-propyl and n-propyl alcohols were similar to a previous work of our research group, (Golunski et al. 2011) we decided to evaluate a combined strategy; i.e., to change the media ionic strength using different salts followed by precipitation with the alcohol. In the present study, we opted to use 50 % of the alcohol in the further steps, since this concentration resulted in high activity yields and can be more cost effective than the use of higher concentrations.
The effect of changing ionic strength of the medium was assessed by adding different concentrations of NaCl and CaCl 2 to the crude enzyme extract, followed by the precipitation with the alcohol. The results are summarized in Table II .
Most of the experiments showed a decrease on the total protein (mg/mL) and an increase in the total activity (U/mL) compared to the crude enzymatic extract, and consequently an increase in the specific activity (U/mg). In the runs using CaCl 2 , most of the concentrations of the salt resulted in activity yields higher than 100 %. Using this salt, yields lower than 100 % were observed at CaCl 2 concentration of 0.50 mol/L, using n-propyl alcohol. The highest yields were observed using CaCl 2 and iso-propyl alcohol (0.10 and 0.50 mol/L, respectively) or n-propyl alcohol (0.05 mol/L).
The increase in the activity yields could be due to the selective precipitation of the inulinase after salt addition, which occurs with a lower inhibitor aggregation. The use of salts, such as ammonium sulfate, is frequently cited in the literature in enzyme recovery, resulting in an increase of enzymatic activities (Silva et al. 2011 , Gill et al. 2006 ).
The salt concentration showed a trend observed for almost all solvents. Initially an increase in the activity yield is observed, followed by a decrease of this response when salt concentration is further increased to 0.5 mol/L. This trend clearly shows the need for an optimization of this process variable.
Runs performed in parallel using the two tested solvents at concentrations higher than 2.0 mol/L resulted in an instant protein precipitation. However, a total loss of enzyme activity was detected.
Considering the purification factors, all runs using salts resulted in PF higher than 2.4-fold, reference value since it was also achieved using ethanol (data not shown). It is worth to mention that when 0.5 mol/L of NaCl and n-propyl alcohol were tested, a PF of 4.8-fold was observed.
The PF and yields obtained in our study are comparable or higher than the ones presented in the current literature. results presented in our study shows a great potential of application of the proposed method as a simple and low cost purification strategy.
CONCLUSIONS
This study proposed a strategy for purification of inulinase produced by solid state fermentation, using two low cost techniques based on changing the ionic strength of the crude enzymatic extract, followed by precipitation using n-propyl or iso-propyl alcohol. The PF was increased to 2.4-fold depending on the alcohol concentration and feed flow rate used. This process resulted in enzyme activation, probably due to removal of inhibitors.
Results showed that a PF of 4.8-fold and a yield of 78.1 % were achieved after the change in the ionic strength followed by precipitation. These results are very promising when compared to the ones currently presented in the literature, especially the chromatographic ones, showing that enzyme purification using simple and low costs techniques could be more powerful than other more costly methods.
